This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report tlie images to the 
Image Problem Mailbox. 



WORLD INTEliECTUAL PROPERTY ORGANIZATION 
]nteniatk>iml Bureau 




PCX 

mrmNATlONAL AH>UCATI0N published under the PATH^ cooperation treaty (PCT) 



(51) Internatiosal Patmt Clasaficatiini ^ : 
C08J 3/12, C09D 5/46, BOU 2/D4 



Al 



(11) Internatmiial Publkatwn Number: WO 96/01285 

(43) Intenmtional Publication Date: 18 January 1996 (18.0K96) 



(21) International Application Number: PCT/GB95/01372 

(22) Intmiattonal FHing Date: 13 June 1995 (13.06^ 



(30) Priority Data: 
9413281.8 



1 July 1994(01X>7,94) 



GB 



(71) Ai^licant (Jbr ail designated States except US): UNIVERSITY 

OF SOUTHAMPTON [GB/GB]; Highfield, Southampton 
son IBJ (GB). 

(72) InTratmr; and 

(75) InvaiUHr/AppUcant (for US oniy)i HUGHES. John. FaireD 
[GB/GB]; 2 Shepherd's Qose, Bartiey, Southanqrton SO40 
2JL (GB). 

(74) Agent: BOULT, WADE & T04NANT; 27 Fumival Street. 
London EC4A IPQ (GB). 



(81) Deagnated States: AM. AT, AU. BB. BG, BR. BY. CA, CH. 
CN. CZ, DE. DK; EE, ES. FI, <3B. GE, HU, IS. JP. KE, 
KG, KP. KR. KZ. LK, LR, LT, LU. LV. MD. MG, MN, 
MW. MX, NO. NZ, PL. PT, RO. RU, SD. SE, SG. SI. SK, 
TI. ™. TT. UA. UG. US, UZ. VN. European patent (AT. 
BE. CH. DE, DK. ES. FR. GB. CHt. IE. rr. LU. MC. NL, 
PT. SE). OAPI patent (BF, BJ, CF. CG. a. CM. GA, GN. 
ML. MR. NE. SN. TD. TG). ARIPO p&tent (KE. MW. SD. 
SZ, UG). 



Published 

With international search report 



(54) Title: PROCESS FOR THE PREPARATION OF ELECIHOSTATICALLY CHAR(5ED PARTKXES 
(57) Abstract 

A process for the pr)^>aration of electrostatically charged particles of a hi^ resistivity matoial whidi process comprises incorporating 
a unq>olar diarge into the material at a tmp^cature at or above the 0ass transitioai tempeiature thereof or above the melting point tiiereof. 
die said unipolar charge being incorporated into the bulk of the material and the charged material being subsequendy cooominuted. or the 
said charge being iiKX>rpQrated into the material whilst forming particles thereof. 



FOR THE PUKPOSES OF INFORMATION ONLY 



Codes used to identify States party to fee PCX ot tibe fiont pages of pamiAlcts publishing intCTnati<mal 
applications under the PCT. 



AT 


Austria 


GB 


United Knigdois 


MR 


Maanitania 
Malawi 


AU 
BB 


Austndia 


G£ 


Geoxgia 


MW 


Barbados 


GN 


Guinea 


NE 


Niger 


BE 
BF 


Belgium 


GR 


Greece 


NL 


Netherlands 


Bniknia Faso 


HU 


Hnngaiy 


NO 




BG 
BJ 
BR 


Bolgaxia 
Benin 


IE 

rr 


Ireland 
Italy 


NZ 

PL ' 


New Zealand 
- Poland - 


BmzO 


JP 


Japan 


PT 


Portugal ' 


BY 
CA 


Belarus 

PimaHa 


K£ 

KG 


KeiQra 
Kyigystan 


RO 
RU 


Romania 

Russian Fedeiatioa 


CF 


Cestial Afrkan Rqwblk; 


KP 


Donnnark People's Repubtic 


SD 


Sudan 
Sweden 


CO 






of KoEca 


SE 


CH 


SwitTTitend 


KR 


Repub^ of Korea 


at 


Slovenia 


a 


COtedlvDire 


KZ 




SK 
SN 


Slovakia 


CM 


Camctooo 


U 


Uedttenstein 


Senegal 
Oiad 


CN 


Ctmia 


L£ 


Sri Lanka 


TO 


CS 


Czecfaoslnvalda 


LU 


Lnxemboorg 


TG 


Togo 


CZ 


Czech Repobtic 


LV 


Latvia 


TJ 


T^pk3Stan 

Trinkfard and Tc^iago 


DE 




MC 


Monaco 


TT 


DK 
ES 




MD 


Repdilic of MoUora 


UA 


Ukazne 


Spain 


MG 


Madagascar 


US 


United States of America 


Fl 


Fxnbnd 


ML 


Mali 


UZ 


Uzbekistan 


FR 




MN 


Moi^riia 


VN 


Viet Nam 


GA 


Gabon 











PCT/GB9S/01372 



- 1 - 



PROCESS FOR THE PRgPARATION OF ELE CTROSTATICALLY 

CHARGED PARTICLES 

The present invention relates to a process for 
5 the preparation of electrostatically charged particles 
and, in particular, to the preparation of 
electrostatically pre-charged powders of high 
electrical resistivity such as powder paint, household 
cleaning particles and charged particles for 
10 biomedical applications. 

Electrostatic coating techniques are increasingly 
used in commercial applications where durable, high 
quality, finishes are required. Electrostatic coating 
techniques involve the application, usually by 
15 spraying, of electrostatically charged particles, 
which preferably are pigmented, onto a substrate, 
generally but not exclusively a metal substrate, 
followed by baking to form a uniform and adherent 
coating. The electrical charge of the pigment- 
20 containing paint particles causes the attraction of 
the particles onto the substrate and holds them in 
place until the heat treatment is applied. 
Electrostatic coating techniques are used almost 
exclusively in the domestic white-goods market, and 
25 increasingly in the automobile industry. Less well 
known areas of application include the furnishing 
industry and bottle coating applications. 
. . . There are two known processes for electro- ^ 
statically charging paint particles which are by 
30 corona charging or by tribo or frictional effects. 

Both of these techniques are known to be inefficient 
and extremely unpredictable. The important process of 
charging the powder is the responsibility of the end 
user and is usually accomplished by means of 
35 commercially available equipment. 
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The corona charging process relies on the 
creation of a high charge density unipolar ionic 
cloud, the ions of which subsequently attach onto the 
outer surface of discreet particles which are 
5 dispersed into an airborne cloud. Typically, only 

about 0.5% of all the charged ions become attached to 
the airborne particles, the remaining 95.5% remaining 
as free ions which can be extremely detrimental in 
coating applications to the quality of the coating - 

10 Tribo or frictional charging of particles is 

unpredictable and the charging process is sensitive to 
a number of parameters including the nature of the 
materials used, relative humidity, duration of 
contact, relative permittivity, surface conditions, 

15 the type of contact and possibly electrical 
resistivity. 

Accordingly, the prior art processes suffer from 
the disadvantage that the charging of the particles 
relies upon surface mechanism and the charging process 
20 ■ is -generally under the control of the end user who 

will have very little control over the level of charge 
deposited onto individual particles. 

we have now developed a more reproducible process 
for charging powder particles which overcomes the 
25 disadvantages of the prior art. 

Accordingly, the present invention provides 
a process for the preparation of electrostatically 

...^ charged particles of a high resistivity material which- 

process comprises incorporating a unipolar charge into 
30 the material at a temperature at or above the glass 
transition temperature thereof or above the melting 
point thereof, the said unipolar charge being 
incorporated into the bulk of the material and the 
charged material being subsequently comminuted, or the 
35 said charge being incorporated into the material 
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whilst fomning particles thereof. 

As is known by those skilled in the art the temm 
glass transition temperature is used to define the 
temperature at which an amorphous material, such as a 
5 polymer or glass, changes from a brittle state to a 
plastic state. 

The process of the present invention may be 
effected either by the incorporation of the unipolar 
charge into the material by the injection of unipolar 

10 charge or by the induction of unipolar charge whilst 
the material is at or above its glass transition 
temperature or above its melting point. The unipolar 
charge may be incorporated into the bulk of the 
material and particles thereof subsequently formed by 

15 comminution, for example by grinding. During the 
comminution process the material will retain its 
charge which is effectively locked into the material. 
Alternatively, the unipolar charge may be incorporated 
into the material during the formation of particles 

20 thereof, for example by extrusion through a nozzle of 
predetermined aperture. The particles produced in 
accordance with the present invention may be 
positively or negatively charged, as desired. 

Examples of materials which may be charged 

25 according to the process of the present invention are 
polymeric materials such as polyethylene or 
epoxy/ polyester; or wax materials such as a synthetic 
- - paraffin wax or ^^ natura^l wax, for example Cairhaub^' 
wax. 

30 The charged particles produced in accordance with 

the process of the present invention preferably have a 
particle size in the range of from 10 to SOO^/m more 
preferably in the range of from 10 to 40fjm, 

The process of the present invention may be used 

35 to produce electrostatically charged particles of a 
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composite polymeric material for use as a powder paint 
in coating applications, the composite polymer 
material generally incorporating one or more pigments 
therein. Other applications for the charged particles 
5 of the present invention are for use as household 
cleaning particles, as charged particles for bio- 
medical purposes and charged particles for insect 
control purposes. 

The present invention also includes within its 
10 scope electrostatically charged particles of a 

polymeric material or a wax wherein a unipolar charge 
is incorporated within the volume of the particles. 

The charged particles of the present invention 
possess a more reproducible level of charge than was 
15 possible using the prior art charging techniques. In 
particular the advantages are that the electrical 
charge is located within the volume of the particles 
and the particles are pre-charged at the manufacturing 
stage, rather than being charged immediately prior to 
20 use. This results in the charge being retained for 
much longer than surface charged particles and also 
provides the particles with better sprayability 
characteristics than the surface charged particles. 

The present invention will be further described 
25 with reference to the accompanying drawings, in which ; 
Figure 1 is a schematic drawing showing the 
electrical charge sited on the surface of the prior 
' - art paint particles r — - 

Figure 2 is a schematic diagram showing the 
30 electrical charged sited within the pre-charged paint 
particles of the present invention; 

Figure 3 is a schematic drawing of an apparatus 
for the induction charging of particles in accordance 
with the process of the present invention; and 
35 Figure 4 is a schematic diagram of an apparatus 
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for the corona injection charging of particles in 
accordance with the process of the invention. 

Referring to the drawings. Figure 1 illustrates a 
paint particle 1 which has a negative charge 2 on the 
surface thereof. The bulk volume of the particle 
illustrated at la by an internal segment view of the 
particle is not charged. Figure 2 illustrates a pre- 
charged particle produced in accordance with the 
process of the present invention. The particle 3 does 
not have any charge on the surface thereof. A segment 
of the interior of the particle is illustrated at 4 
where it is clearly shown that the bulk volume of the 
particle is negatively charged. 

Although the particles 1 and 3 are shown with 
15 either a surface negative charge or a volume negative 
charge, respectively, it will be understood that the 
particles could equally well be provided with a 
positive unipolar charge. 

The injection of the unipolar charge, either 
20 positive or negative charge, is achieved during the 
formation of the particles. Referring to Figure 3, 
this Figure illustrates schematically apparatus for 
the induction charging of particles, for example of 
paint, as they are formed. A nozzle through which the 
25 polymer is forced is illustrated schematically at 5. 
The particles 11 form as the material is forced 
through the nozzle. The particles are passed through 
an induction ring 6^ which is required for the creation 
of the appropriate electrical field resulting from the 
30 application of a voltage by the generator 7. During 

passage of the particles 11 through the charged ring 6 
the material accepts a unipolar charge and as the 
particles 11 subsequently harden the charge becomes 
effectively frozen within the volume of the particles. 
35 An alternative method for imparting unipolar 
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Charge 2 particles is illustrated in Figure 4 in which 
the nozzle through which the molten material is 
extruded is shown schematically at 8. The material is 
extruded through the nozzle 8 and particles 11 are 
5 formed during this process. A high voltage electrode 
9 is incorporated within the nozzle and supplies a 
unipolar injection of charge into the bulk of the 
molten material as the beads 11 of the material are 
formed. The high voltage to the electrode 9 is 

10 supplied by the generator 10. 

Charge injection either by high field injection, 
or by induction, may also be achieved by the 
incorporation of similar electrodes adjacent the final 
cooling roller systems in conventional extruders. 

15 Normally, the material will be produced in sheet form, 
to be subsequently ground into a fine powder. 

The present invention will be further described 
with reference to the following Examples. 

20 EXAMPLE 1 

Unipolar charge injection into a molten example 
of an epoxy /poly ester composite polymer was carried 
out using an electrode similar to that illustrated in 

25 Figure 4 of the accompanying drawings. The polymer 
sample size was 4.5cm in diameter and 0.6cm thick. 
The temperature was maintained at approximately lOO^C, 

at which temperature the sample was above its glass 

transition temperature. Whilst at this temperature, a 

30 potentially -3KV at the sharp pointed electrode was 
maintained for a period of time during which the 
sample re-solidified. A initial charge value of 
-0.1 X 10"' was measured within the sample. The 
following day the charge value was the same and 

35 subsequently stabilised at approximately this value. 
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The epoxy /polyester composite polymer sample was then 
subsequently comminuted . 

EXAMPLE 2 

5 

Unipolar charge injection into a molten sample of 
Carnauba wax was carried out using an electrode 
arrangement similar to that illustrated in Figure 4 of 
the accompanying drawings • The wax sample size was 

10 4.5cm in diameter and 0-6cm thick. The temperature 

was maintained at approximately llO'^C at which the wax 
was molten. Whilst molten, a potential of 40 volts 
was maintained at the pointed electrode for a period 
of time corresponding to the time taken for the wax to 

15 re-solidify. An initial charge value of -0.3 X 10'^ 

Coulombs was measured within the sample. The next day 
this value had decreased to -0.19 X 10"' Coulombs. 
This value was maintained over a period of weeks. The 
wax sample was subsequently comminuted. 
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CLAIMS : 

1. A process for the preparation of 
electrostatically charged particles of a high 
5 resistivity material which process comprises 

incorporating a unipolar charge into the material at a 
temperature at or above the glass transition 
temperature thereof or above the melting point 
thereof, the said unipolar charge being incorporated 
10 into the bulk of the material and the charged material 
being subsequently comminuted, or the said charge 
being incorporated into the material whilst forming 
particles thereof. 

15 2. A process as claimed in claim 1 wherein the 

incorporation of unipolar charge is effected by the 
injection of unipolar ions into the material. 

3. A process as claimed in claim 1 wherein the 
20 incorporation of unipolar charge is effected by the 

induction of unipolar ions into the material. 

4. A process as claimed in any one of the 
preceding claims wherein the unipolar charge is 

25 incorporated into particles of the said material 
during the formation of the said particles by 
extrusion. 

5. A process as claimed in any one of the 

30 preceding claims wherein the material is a polymeric 
material or a wax. 

6. A process as claimed in any one of the 
preceding claims wherein the polymeric material is a 

35 polymer paint. 



WO>6/01285 



PCr/GB95/01372 



_ 9 . 



7. A process as claimed in claim 5 wherein the 
wax is a synthetic paraffin wax or a natural wax- 

8. A process as claimed in any one of the 

5 preceding claims wherein the electrostatically charged 
particles have an average particle size in the range 
of from 10 to 300//m. 

9. Electrostatically charged particles of a 
10 material wherein a unipolar charge is incorporated 

within the volume of the particles. 

10. Electrostatically charged particles as 
claimed in claim 9 wherein the material is a polymeric 

15 material or a wax- 

11. Electrostatically charged particles as 
claimed in claim 10 wherein the polymeric material is 
a polymer paint. 

20 

12. Electrostatically charged particles as 
claimed in claim 9 wherein the wax is a synthetic 
paraffin wax or a natural wax. 

25 13. Electrostatically charged particles as 

claimed in any one of claims 9 to 12 which have an 
average particle size in the range of from 10 to 
300Mm.^^ - 

30 14. A powder paint which comprises 

electrostatically charged particles as claimed in any 
one of claims 10 to 13. 
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